Type 1 (insulin-dependent) diabetes mellitus (T1DM) is associated with a specific destruction of the insulin-producing beta-cells in the islets of Langerhans. Several factors, e.g. genetic, environmental and immunologial, may be involved in the etiology and pathogenesis of T1DM. Autoreactive Tand B-lymphocytes, together with macrophages infiltrate the islets during the pathogenesis, releasing a mixture of cytokines, demonstrated to be specifically toxic to the beta-cells within the islets. Our goal is to understand the molecular mechanisms responsible for the beta-cell specific toxicity enabling us to design novel intervention strategies in T1DM. The proteome approach allows us to get a detailed picture of the beta-cell proteins, which change expression level or are post-translationally modified in different in vitro and in vivo models of T1DM-associated beta-cell destruction. Combining the information obtained from this extended proteome approach, with that of genetic-, transcriptome-and candidategene approaches, we believe that it is possible to reach this goal.
Introduction
Diabetes mellitus represents a heterogeneous group of disorders. Some distinct diabetic phenotypes can be characterized in terms of specific etiology and/or pathogenesis, but in many cases overlapping phenotypic characteristics make etiological and pathogenetical classification difficult.
Type 1 (insulin-dependent) diabetes mellitus (T1DM) is characterized by absolute insulin deficiency, abrupt onset of symptoms, proneness to ketosis and depen-dency on exogenous insulin to sustain life. It is the most common form of diabetes among children and young adults in populations of Caucasoid origin, where the prevalence is approximately 0.4%. T1DM is traditionally regarded as a disease of the childhood and adolescent period. The age-specific incidence pattern is similar worldwide within this age segment, although the worldwide incidence differs markedly for the age group up to 15 years. The disease is rare before 6 months of age, but the incidence increases up to puberty, and thereafter declines. The overall age-adjusted incidence of T1DM varies from 0.1/100.000 per year in China and Venezuela to 36/100.000 per year in Sardinia and Finland [1] . An increasing incidence of T1DM for individuals < 15 years of age has been observed in many countries. Studies have suggested that more than 50% of all T1DM cases develop after the age of 21 years, and that the cumulative incidence (up to age 80 years) may reach approximately 1% [2, 3] .
T1DM is the result of pancreatic beta-cell destruction. The islets of Langerhans containing the insulinproducing beta-cells are scattered throughout the pancreas and comprise only 1-2% of the total tissue. They contain in addition to the beta-cells, the 3 other endocrine cell-types, the glucagon-producing alphacells, the somatostatin producing delta-cells and the PPcells producing pancreatic polypeptide, with the alpha-(∼ 20%) and beta-cells (∼ 70%) constituting the major part of a normal islet (Fig. 1 ). All the 4 endocrine cell-types are believed to differentiate from stem-cell progenitor cells through a common pathway, which late in this maturation process branches out into the specific cell-types. Since T1DM is caused by a specific destruction of the beta-cells in the islets, a major goal within T1DM research is to understand the mechanisms responsible for the beta-cell maturation and associated phenomena making the beta-cell specifically recognized and destroyed in T1DM.
The etiology of T1DM is not yet fully understood. It is believed that genetic factors are a major compo- Chromosome  IDDM1 (HLA)  6p21  IDDM2 (INS)  11p15  IDDM3  15q26  IDDM4  11q13  IDDM5  6q25  IDDM6  18q  IDDM7  2q31  IDDM8  6q25-q27  IDDM9  3q21-q25  IDDM10  10p11.2-q11.2  IDDM11  14q24.3-q31  IDDM12  2q33  IDDM13  2q34  IDDM15  6q21  IDDM17  10q25  IDDM18  5q33-q34  DXS1068  Xq  GCK  7p nent in the etiology of T1DM. Genes within the MHC region on chromosome 6p21 comprise the major genetic locus determining predisposition to T1DM [4] [5] [6] . However, over the last 6-7 years extensive efforts have been invested in order to genetically map other chromosomal regions demonstrating evidence of linkage to T1DM [7] [8] [9] [10] . This has led to the identification of at least 16 non-HLA loci demonstrating some evidence of linkage to T1DM (Table 1) . Nevertheless, although large resources have been put into the genome scan approach, no evidence for any etiological mutation(s) has yet been obtained. We therefore believe that novel approaches or combinations of multidisciplinary approaches are needed to unravel the molecular basis of the disease. Combining genetic and proteomebased strategies may represent a valuable approach as discussed below. In addition to the well-established candidate gene and linkage approaches for identifying disease predisposing genes and proteins, methods for expression profiling have been developed over the last years. Expression profiling is the evaluation and comparison of expression levels of transcripts and/or proteins in diseased versus non-diseased tissues or in experimental model systems hereof. Although the trigger(s) of T1DM
is not yet identified, diet, environmental exposures and viral infections are putative etiologic agents involved in the pathogenesis. Most studies on diet components in the aetiology of T1DM have focused on the role of early exposure to bovine serum albumin in cow's milk [11] . Other dietary components may include nitrite and nitrates from food and drinking water [12] . Although a single major component of the diet still has to be demonstrated of importance in T1DM, studies of the increasing incidence rate in low-risk populations migrating to high-risk areas strongly suggest an environmental component in the disease etiology. Viruses, as an environmental factor, have been implicated in T1DM pathogenesis based on both case reports of virus isolation from pancreata of acutely diabetic deceased patients and induction of diabetes in animal models by infection with virus as well as on epidemiological studies examining recent-onset T1DM patients for virus-specific antibodies [13] . An etiological model reconciling these different aspects is shown in Fig. 2 .
Research to elucidate the pathogenesis of T1DM has for many years mainly focused on the genetic and immnological markers associated with the disease and to a lesser degree on environmental factors. However, recently increasing focus has been directed towards the target cell, the beta-cells in the islets. Why are the beta- If the total beta-cell mass in a healthy individual is set to be 100%, some yet unrecognized environmental triggers may activate pathogenetic mechanisms leading to progressive loss of pancreatic islet beta-cells. This process is associated with a variety of immune phenomena, including infiltration of the islets with macrophages and auto-reactive T-lymphocytes (insulitis), and both T-cell (cell-mediated) and B-cell (humoral, antibody mediated) reactivity have been demonstrated prior to the onset of disease. However, the immunological mechanisms directly involved in beta-cell killing have not yet been clearly defined in man. Whereas only few diabetes-associated T-cell clones have been isolated, several autoantibodies to beta-cell proteins have been demonstrated up to several years before the onset of disease in blood from prediabetic and recent onset diabetic individuals. This autoimmune mediated destruction may progress slowly (over several years) or more rapid, dependent on the frequency and level of insults, influencing the balance between beta-cell destruction and regeneration in the individual islets. The end-point is the clinical onset of T1DM, when approximate 10% of the beta-cell mass remains. Until this time-point, the residual beta-cell mass is sufficient to maintain normal blood-glucose under normal conditions, however, the reduced beta-cell mass may become insufficient to challenges with higher demand for insulin secretion, as demonstrated by the loss of the first phase insulin response (FPIR). cells specifically destroyed, when the other pancreatic endocrine cell-types of common origin in the islets, e.g. the alpha-cells, are not?
The original demonstration that cytokines [14] [15] [16] , especially interleukin-1-β (IL-1β) released from macrophages and T-lymphocytes during insulitis were specifically toxic to the beta-cells, enabled us in 1988 to construct a testable model of the pathogenesis of T1DM [17] , the so-called "Copenhagen-model", outlined in details below and shown in its present form in Fig. 3 .
The model predicts that anything from the external or internal environment which can destroy a beta-cell (nutrients? virus? chemicals? cytokines?) will lead to the release of beta-cell proteins. These proteins will be taken up by residing antigen presenting cells (APC; e.g. macrophages (M∅) and dendritic cells) in the islets, will be processed to antigenic peptides and as such be presented by MHC-Class II molecules on the cell surface.
This activates the APCs to produce and secrete monokines (IL-1β and tumor necrosis factor (TNF)α and co-stimulatory signal(s)), which, if T-helper lymphocytes with receptors specifically recognizing the antigenic peptide are present in the islet, induce the transcription of a series of lymphokine genes.
One of these, interferon (IFN)γ, feedback stimulates the APC to increase expression of MHC-Class II molecules and IL-1β and TNFα. In addition, other cells of the APC lineage present in the islet are induced to secrete monokines. IL-1β, potentiated by TNFα and IFNγ is cytotoxic to beta-cells, primarily through the induction of free radical (FR: NO, O 2 ) formation in the islet. It has been confirmed by recent studies from several laboratories, including our own [18] [19] [20] [21] [22] [23] [24] that a role of FR is important, by demonstrating that nitric oxide (NO), and oxygen-derived FR are induced in islet cells by cytokines, and that the inducible nitric oxide synthase (iNOS), responsible for the induced NO production is induced by IL-1β in beta-cells (not present in other endocrine islet cells) from which we were able to clone it out [25] . In addition, also FR independent toxicity exists as shown in cytokine exposed human islets, where toxicity is still induced in the presence of NO-inhibitors as well as by combinations of cytokines, which do not induce FR production [26] .
As part of the beta-cell destructive mechanism betacell proteins may be modified by the FR and in more antigenic forms presented to the immune system, thereby closing the loop in a self-perpetuating and selflimiting fashion. Thus, self-proteins presented by the MHC-Class-I molecules on the beta-cell or released during the beta-cell destruction by FR and taken up and presented by MHC-Class-II, need not be antigenic in their native conformation, but rather antigenecity may be a result of FR modification(s) [27] . This implies, that beta-cell proteins may become antigens when and because beta-cells are destroyed by cytokines. In addition the cytokine exposure has been shown to induce expression of FAS on the surface of the beta-cells. Interaction with the FAS-ligand on T-lymphocytes may therefore also represent a mechanism of induced betacell lysis/destruction [28, 29] .
The magnitude of beta-cell destruction will depend upon a) the velocity of the feed-back circuit between the APC and the T-helper lymphocyte, i.e. on the efficacy of antigen transport presentation/recognition, b) the magnitude and type of cytokine production, and c) on the capacity of beta-cell defense mechanisms during cytokine exposure [30] . The model has important implications, since it eliminates the need for the existence of specific environmental trigger(s), T1DM specific genes or gene mutations, and targeted exposure of beta-cells to the cytotoxic action of monokines.
Pro-inflammatory cytokines induce both protective and deleterious mechanisms in all cells with cytokine receptors. The resulting race between protective and deleterious mechanisms determines the outcome, which is whether the cell will die or survive. Indeed, both protective and deleterious mechanisms have been demonstrated in response to cytokines in different cell types, however, the response varies between cell types, and within a cell-type between species and probably also between humans with different genetic background. Thus, we hypothesize that in genetically predisposed individuals, T1DM develops when the deleterious events in the beta-cells prevail.
This would suggest that the pathogenesis of T1DM, i.e., the earliest events and mechanisms affecting the target cell, has two distinct phases: a non-antigen driven, non-lymphocyte dependent initiation phase, and an antigen driven (by multiple antigens?), lymphocyte dependent amplification and perpetuation phase.
The model further offers a possible explanation for the existing multitude of "autoantibodies" in the blood of newly diagnosed and prediabetic individuals (see below).
On this background we postulate that the remarkable specificity of cellular destruction in the islets in T1DM is due to an inherent vulnerability of beta-cells to cytokine-induced FR damage, acquired during its differentiation into the highly developed and metabolically sophisticated beta-cell. In other words, when exposed to proinflammatory cytokines the beta-cells die because they are beta-cells. Hence, detailed studies of the intracellular molecular events resulting from the interaction between immune effector molecules/cells and the target cell are in demand, and proteome analysis is a valuable tool to address this aspect.
Antibody-markers of T1DM
As mentioned above, T1DM is associated with the presence of one or more of a multitude of autoantobodies present in the blood of the majority of prediabetic and recent onset T1DM individuals. Whereas these antibody markers may show different degree of disease specificity [31, 32] , none of the known T1DM-associated autoantigens clearly qualifies for the position as the major or primary driving antigen responsi-ble for the amplification and perpetuation of beta-cell destruction. Rather they may serve as disease markers of a progressive beta-cell destruction. Nevertheless, proteome analysis of cytokine exposed islets/betacells may help identify new auto-antigen candidates among native (e.g., de novo synthesized or changed cellular localization) or FR-modified beta-cell specific proteins, to be tested for potential reactivity with antibodies present in the blood of prediabetic and recent onset diabetic individuals.
Proteome analysis
A cell is dependent upon a multitude of metabolic and regulatory pathways for survival. There is no strict linear relationship between the genes and the protein complement of a cell (i.e., mRNA levels may or may not correlate with the protein level) [33] . The ability of characterizing the protein expression profile in a cell or tissue at a given time point, reflecting the metabolic and functional status at that particular time point, is the hallmark of proteome analysis. Therefore, proteome technology is a suitable tool in the search for disease associated protein/protein pathways in T1DM and other diseases with a known target organ/cell. The possibility of comparing the status of the protein expression profile between healthy and diseased tissue/cells creates opportunities for new strategies to identify at the molecular level proteins and mechanisms involved in, or responsible for, disease progression. With focus on the beta-cell destruction associated with T1DM, this is discussed below.
Proteome analysis in T1DM -an in vitro approach
As detailed above, it is believed that T1DM is associated with the destructive effects of cytokines released in the islets during the insulitis process occurring before clinical onset of the disease. The Copenhagen model (Fig. 3 ) details this process, and is a testable model, which can be approached using proteome analysis as follows: Pancreatic islets of Langerhans are isolated, kept in culture in vitro and exposed to different cytokines for fixed periods of time. Extensive research has documented that the metabolic function of such isolated islets (from either rat, mouse and humans) may be severely impaired by the co-culture with cytokines, which dependent on combination and concentration, may also induce cell death [29] . Using this in vitro culture system with rat islets allowed us to make the first proteome analysis of cytokine-exposed islets [34] [35] [36] [37] . Figure 4 illustrates the experimental design for these studies. First, isolated islets (from rat, mouse or human organ donors) are cultured in the absence or presence of cytokines for a set period of time (e.g. 24 h, or ideally, for several different time-points to allow analysis of the kinetics of changes in protein expression). Different strategies may be applied in order to subsequently identify and quantify the different proteins (e.g. radiolabelling, labelling with fluorescent dyes or silver staining), each method with its pros and cons. We have used 35-S labelled methionine to radiolabel the proteins for 4 h at the end of the cytokine exposure period. The next step in the procedure is the separation of the proteins from the control and cytokine exposed islets, respectively, by two-dimensional electrophoresis (2DGE) according to charge (pI) and size (Mw) by isoelectrical focusing (IEF) or non-equilibrium pHgradient electrophoresis (NEPHGE) and SDS-page gel electrophoresis, respectively. The individual proteins may now be visualized using a phosphoimager (or on a X-ray film) based on the incorporation of the 35-S labeled methionine, allowing quantification of the spots over a large dynamic range. An important point in the experimental design is to reduce the number of type 2 errors, e.g. minor irrelevant changes in protein expression, which may be caused by the experimental procedure as such. Therefore, it is essential to perform a number of independent experiments with islets material obtained from different batches of islets preparations (Panel 2, Fig. 4 ). This strategy is evident when thinking of analyses using human islets isolated from persons with different genetic background, where results obtained from one individual islet isolation, in addition to inherent influence of the genetics, may be influenced by variations in the tissue procurement and experimental setup, and therefore may not be reproducible in future experiments. Unfortunately, this necessary analysis of several gels from each group to be compared against each other represents a bottleneck in the experimental design. Whereas computer assisted alignment of the protein spots between the gels may be performed using different available software, even the most optimized 2DGE system will not consistently run gels 100% identical. Hence, careful manual evaluation and completion of the computer mediated alignment of the individual gels within the different experimental groups and between different groups is necessary, why a composite image is created and the different gels aligned to this. Having done that, it is possible to make statistical evaluation of the expression levels of the different proteins to identify those, which significantly change expression level in response to e.g. cytokine treatment (Panel 2, Fig. 4 ). The next step is to identify the proteins in the spots of changed expression level. This is effectively done by mass spectrometry (MS), as illustrated in Panel 3 (Fig. 4) . The individual protein spots are excised from preparative gels, rehydrated and digested by a protease, e.g. trypsin, in situ in the gel plug. Following up-concentration of the material, it is subjected to MS-analysis and the resulting MS-profile analyzed in silico against all the theoretical MS-profiles calculated from available amino acid sequences present in public sequence databases. Based on this analysis and the available information of Mw and pI from the gel, the protein may be identified by its "fingerprint" if its sequence is present in the sequence databases. With completion of the human genome project, the success rate of identifying human proteins by mass spectrometry is now very high.
Knowing the identity of all the proteins of changed expression levels, the next task is to clarify how these proteins may be involved in cytokine-mediated betacell destruction and which changes may be primary and which may be secondary to this process. This part, in Fig. 4 , Panel 4, referred to as bioinformatics, now a day involves computer-assisted searches of information e.g. with the aim to group the proteins according to function and pathways. Examples of this are given below. Identification of proteins and protein-pathways of primary interest for further functional characterization also involve genetic analyses, e.g. does the gene encoding the protein map to a chromosomal region demonstrating linkage to T1DM. The final step in the experimental design is to characterize the selected proteins/protein modifications for the putative involvement in cytokine mediated beta-cell destruction and T1DM by functional and further genetic analysis. This involves cloning and recombinant expression of the protein in beta-cell lines to elucidate if the protein influences the known effect of cytokines. If so, further studies in transgenic mice, including the animal model of diabetes, the nonobese diabetic (NOD) mouse, either by knock-out or over-expression of the gene of interest in the beta-cells under control of an insulin-promoter. Others and we have demonstrated the value of this method by overexpressing protective proteins in beta-cell lines result- ing in protection of the cells against subsequent cytokine exposure [24, 38, 39] . The genetic analyses further may involve screening for polymorphisms of the gene, tests for disease association and linkage, and possible functional significance of identified gene variations. We have previously demonstrated the value of this approach [40] [41] [42] [43] .
In vitro analysis of il-1β exposed rat islets
Using the experimental design detailed above, we set out to produce a database of rat islet proteins containing about 2,200 protein spots characterized by Mw and pI [34, 35] . This demonstrated that IL-1β exposure of the islets in culture resulted in reproducible and statistically significant modulation of protein expression levels or de novo synthesis of 105 of these proteins. Fiftytwo proteins were up-regulated, 47 down-regulated and 6 synthesized de novo [35] (Fig. 5) .
Subsequently, we have attempted to positively identify these 105 proteins in order to better understand beta-cell destruction and T1DM at the molecular level, since this would provide the first larger scale assessment of IL-1β-mediated beta-cell damaging processes at the protein level.
A success rate of approximately 60% for positive identifications was obtained in this study [37] .
Most identified proteins could be assigned classes according to their known or putative functions: i) energy transduction and redox potentials; ii) glycolytic pathway; iii) protein synthesis, chaperones, and protein folding; and iv) signal transduction, regulation, differentiation, and apoptosis [37] . These findings strongly support the hypothesis that that islet exposure to cytokines induces a complex pattern in beta-cells comprising protective (e.g. up regulation of stress proteins) as well as deleterious (e.g. iNOS induction and NO production) events.
The overall picture is complex and reflects the range of cellular responses to the cytokine challenge. It is not known which protein changes should be considered 'primary' or 'secondary' in importance in time and in sequence. Furthermore, it has been shown that IL-1β may induce both NO dependent as well as NO independent beta-cell impairment [34, 44] . To further elucidate this, we have recently demonstrated that of the 105 protein spots, which changed expression levels in response to IL-1β [35] , only 23 were dependent on NO production [36] . In addition, the effect of the chemical NO donor S-nitroglutathione (GSNO) on protein expression was addressed, demonstrating changes in expression levels of 19 islet proteins, which were not identified by MS [36] . This suggests that the majority of protein changes observed in rat islets exposed to IL-1β are independent of NO production. It is not clear whether the plethora of changes observed is secondary to the early effects of changes in just one or a few proteins, e.g. involved in mitochondrial energy generation. We are presently finalizing our analysis of isolated human islets exposed to IL-1β alone or IL-1β in combination with IFNγ and TNFα. The data obtained in this study are even more complex, but the picture emerging show that the same pathways as in the IL-1β exposed rat islets are affected.
In vivo analysis of IL-1β exposed rat islets
Whereas the experimental design and data presented above was designed to characterize the proteins involved in cytokine responses in vitro, we have applied proteome-based strategies also to address the influence of immune mediators on beta-cell destruction in vivo during disease progression using an animal model of T1DM, the inbred diabetes prone BioBreeding (BB) rat [45, 46] . The overall aim of this extended proteome approach (Fig. 6) is to include and combine information from different experimental procedures with the same focus to narrow down the number of proteins to be functionally characterized for their potential involvement in T1DM development. In this model, syngeneic islets, isolated from newborn rats are transplanted under the kidney-capsule of 30 days old BB rats (time of weaning), approximately 7 weeks before the onset of disease (Fig. 6) . Beta-cells of the syngeneic islets transplanted under the kidney capsule are exposed to the same immunological events (e.g. infiltration with macrophages, T-and B-lymphocytes) as the host islets of the pancreas, and presumably they are destroyed in a process identical to that in the host islets. At different time points before disease onset, at the day of onset of disease and in the few animals escaping from diabetes, the transplanted islets are excised and used for proteome as well as histochemical analyses. This allows us to follow the changes in protein expression occurring in the islets until the onset of diabetes. Furthermore, analyses of the islets from the rats that es-cape diabetes development, may also give valuable information. This complex set of data is presently being completed, and several of the proteins and pathways found in the in vitro experiments are also identified in the in vivo situation.
A model of beta-cell maturation
An additional component in our extended proteome approach, is the use of a pluripotent cell line, which dependent of culture condition may mature from a glucagon-producingpre-beta-cell phenotype into an insulin producing beta-cell phenotype [47] . We have recently demonstrated that this maturation is accompanied by an acquired sensitivity to IL-1β [22] . Therefore, this cell-system is useful for characterization of the mechanisms responsible for cytokine sensitivity. Proteome analysis is presently performed of the IL-1β non-sensitive (pre-beta-cell phenotype) vs. the sensitive beta-cell phenotype in the presence or absence of cytokines (Fig. 6) . As an example of a preliminary finding from this analysis, one spot was reduced fivefold in expression level following maturation into the cytokine sensitive beta-cell phenotype. After exposure to IL-1β, the spot was up-regulated in both phenotypes by a factor of approximately 3.5. This suggests that the protein could represent a scavenger protein involved in scavenging the IL-1β induced toxic FR. Insufficient up-regulation of a scavenger protein in the beta-cell phenotype may result in its destruction. However, at present we do not know the identity of this protein.
Perspective in proteome analysis
As described above the use of proteome analysis in characterization of processes involved in or responsible for disease progression is a valuable and a rapidly developing area. One major advantage is that it allows analysis of proteins both in their native and modified form. This is in contrast to the rapidly developing transcriptome approach, focusing on the gene-expression profile (the steady state mRNA expression, Fig. 7) , where modifications of proteins are not apparent from the mRNA. Thus, whereas the transcriptome technique clearly complements the proteome analysis [48, 49] , it does not provide all the information obtained by proteome analysis. It is well known that several cellular processes are dependent on posttranslational modifications of an already existing, readily available protein pool in the cell. This includes phosphorylation, glycosylation, sulphatation or cleavage of precursor sequences as they can determine activity, stability, localization and turnover. The ability to detect the same protein in several different spots on a 2D-gel makes it possible to obtain information about potential posttranslational modifications. Whereas this "state of the art" technology for identifying the posttranslational modifications is rapidly developing, it is at present not easily included in the experimental strategies outlined above. A limitation of proteome analysis is the inability to separate all the proteins, even on a large gel. In line with the increasing sensitivity of the MS-identification, this becomes an increasing problem, since contamination with closely neighboring or partly overlapping proteins may result in identification of more than one protein in the same spot. Since MS is not quantitative, it is not possible to determine which protein is the one of changed expression without further analysis, e.g. Western blotting with specific antibodies. This problem may, however, be solved with the use of so called zoom-gels making it possible to look at only small parts of the pI or Mw area in separate gels, and finally combine the information form the different gels, obtaining an increased separation of the protein-spots. Indeed the area is in rapid progression and continued development and what is a bottleneck today may be easily solved tomorrow.
Conclusion
The use of proteome analysis may elucidate relevant mechanisms for beta-cell death after cytokine exposure. Whether IL-1β induced changes in protein expression levels in rat islets in vitro will also reflect pathogenically important changes in beta-cells in rats spontaneously developing T1DM remains to be determined. Preliminary observations using 2D-gel studies of excised syngeneic islet transplants from different time points posttransplantation in BB-DP rats [46] suggest that the approach will be useful for studies of T1DM pathogenesis in vivo. Interestingly, the exquisite beta-cell sensitivity to cytokine toxicity may be an acquired trait developed during beta-cell maturation [22] .
We believe that data obtained by the methodology presented here alone or in combination with e.g. genetic studies, transcriptome analyses and studies of candidate genes e.g. identified through the Copenhagen model (Fig. 8) will lead us to a detailed and complex picture of the molecular processes producing beta-cell destruction in vitro. Although the picture is complicated and far from complete we are looking at the ailing beta-cell through a new window and the challenge now is to learn to fully understand what we see. Further proteome and transcriptome analyses may eventually complete the picture. The long-term perspective of this is the development of new and specific intervention modalities in beta-cell destruction in T1DM. Making the beta-cell more resistant to immunological mediators may increase the survival time of transplanted islets or engineered beta-cells with reduced immunosuppressive modalities in treatment of T1DM patients, and potentially prevent the ongoing beta-cell destruction in predisposed individuals.
